Introduction 1
Under the broader perspective of motivational hedonism, asserting that human 2 behaviour is driven by a pursuit of pleasure and avoidance of displeasure (Mees & Schmitt, become more variable at heavy exercise intensities (i.e., proximal to T vent and up to respiratory 20 compensation point; RCP) wherein some people continue to experience an increase in 21 pleasure and others experience a decline in pleasure. This exercise intensity has consequently 22 been labelled as the "zone of response variability" (p. 47) in terms of affective responses 23 (Ekkekakis, 2013). As exercise intensity transitions to severe levels (beyond RCP), there is 24 typically a universal decline in pleasure. There is a lack of understanding regarding the 25 variability. A greater understanding of what is driving these interindividual differences in 3 affective responses to exercise may help practitioners to personalise exercise prescriptions and 4 therefore deliver exercise experiences that are more consistently pleasurable, and in turn, 5 more sustainable. 6
In a study seeking to further understand the cognitive factors influencing affective 7 responses at an exercise intensity proximal to T vent , Rose and Parfitt (2010) adopted a 8 qualitative approach using a 'think aloud' procedure. Thematic analysis revealed concepts 9 relating to pre-exercise affective state, perceptions of ability, immediate and anticipated 10 outcomes, attentional focus, and perceptions of control as salient in determining affective 11
response. This approach afforded the researchers a rich insight into participants' cognitions 12 but limited the researchers' capacity to account for the role of traits in determining affective 13 responses at this exercise intensity. Jones, Karageorghis, Lane, and Bishop (2017) examined 14 dominant attentional style and motivation as predictors of affective responses to group 15 exercise and results revealed that individuals with a dominant associative attentional focus 16 and self-determined motivation derived the greatest pleasure from sessions. However, their 17 study did not examine responses in relation to T vent and it is unknown how influential these 18 specific individual factors are in determining affective responses in the zone of response 19
variability. There are a number of traits that are likely determinants of affective responses 20 during exercise. Previous research has indicated that these might include preference for, and 21 tolerance of, exercise (Ekkekakis, Hall, & Petruzzello, 2005) , and traits from classic 22 personality theories (e.g., extraversion, and sensation seeking; Ekkekakis, Hargreaves, & 23
Parfitt, 2013; Zuckerman, 1983) . However, few studies have sought to address these traits in 24 direct relation to the tenets of the DMM. 25 1 differences could play a role in exercise testing and prescription, but noted that these 2 differences have been understudied in this context. Hall et al. examined preference for, and 3 tolerance of, exercise intensity across a range of exercise testing protocols. Preference for 4 exercise intensity is described as the "predisposition to select a particular level of exercise 5 intensity when given the opportunity" and tolerance is "a trait that influences one's ability to 6 continue exercising at an imposed level of intensity beyond the point at which the activity 7 becomes uncomfortable or unpleasant" (Ekkekakis et al., 2013; p.354). Preference has been 8 shown to be a relevant factor in self-selecting exercise intensity (Smith, Eston, Tempest, also examined the ability of the PRETIE-Q scales to predict affective responses to bouts of 17 physical activity at different levels of intensity using hierarchical multiple regression 18
analyses. The Preference and Tolerance scales both accounted for significant portions of the 19 variance in affective valence when exercise intensity was at T vent , while only the Tolerance 20 scale accounted for significant portions of the variance when the intensity exceeded T vent . 21
Neither scale was significantly related to affective responses below T vent . It appears that 22 preference and tolerance are relevant variables in the context of affective response during 23 moderate to vigorous exercise and warrant additional research attention. The previous work 24 done by Ekkekakis et al. involved young physically active participants; therefore, more 25 attention should be given to examining these relationships in older and less active populations 1
(Ekkekakis et al., 2005). 2
Outside of physical activity contexts, personality traits have been associated with 3 affective experience in day-to-day life (e.g., Larsen & Ketelaar, 1989) . The Big Five 4 personality model (extraversion, neuroticism, openness, agreeableness, and 5 conscientiousness) was proposed as a generalizable model to examine psychological and 6 behavioural outcomes (De Raad, 2000) , and has been the subject of voluminous empirical 
response. 20
The links expounded in previous work between the Big Five dimensions and the 21 amount of physical activity done might, in part, be a consequence of how individuals feel 22 during exercise (i.e., they undertake more exercise because it feels good). An examination of 23 whether individuals with certain personality traits respond more favourably during physical 24 exercise appears warranted and could help to understand the drivers behind the relationships 25 between personality traits and physical activity behaviour. 1 Sensation seeking has been proposed as a distinct trait and has been linked to high-risk 2 sport participation (e.g., Jack & Ronan, 1998), but its role in exercise is less well understood. pertaining to personality and affective responses to exercise, stating that this "is partly due to 19 the fact that the standard measures of relevant personality traits (e.g., extraversion, sensation 20 seeking, behavioural activation/inhibition, etc.) emphasise social behaviour over responses to 21 somatosensory stimuli…Nevertheless, individual differences are likely to play an important 22 role" (p. 221). The purpose of this study was to explore the extent to which a range of 23 personal characteristics influence affective responses in the zone of response variability (i.e., 24 exercise intensity between T vent and RCP) as identified in the DMM. This includes 25 characteristics pertaining to social behaviour (cognitive) and responses to somatosensory 1 stimuli (interoceptive). Given the exploratory nature of the study and the scant previous work 2 examining the role of personality variables in determining affective responses at specific 3 exercise intensities, we tentatively hypothesised that individuals who experience a decline in 4 pleasure during heavy exercise will: report a lower preference for, and tolerance of, exercise 5 intensity (H 1 ); lower scores on the personality dimensions of extraversion, openness, 6 conscientiousness, and higher on neuroticism (H 2 ); score lower on the sensation seeking scale 7 (H 3 ). 8
Methods 9
The experimental approach was approved by ethics committees at the host institutions in England 10 and the USA. All aspects of the study conform to the Helsinki Declaration on Human Rights 11 (2013) . 12
Participants 13
Participants were recruited to this multisite study from England and the USA. 14 Advertisements for participants were placed at two institutions and recruitment relied upon a 15 snowball sampling strategy. Participants were eligible for inclusion if they were free from 16 cardiorespiratory disease and had no other health contraindications; participation did not 17 require a certain level of physical fitness or BMI and the upper and lower age limit was 64 18 years and 18 years, respectively. No significant mean differences (all ps > .05) were found in 19 age, BMI, and VO 2 peak between the two sites (Table 1) background") and participants were required to respond by indicating the extent to which the 25 statement was accurate. Cronbach's alpha for the IPIP in the current study ranged from .76 1 (Conscientiousness) to .91 (Extraversion), and therefore was considered to have adequate 2 internal consistency. V was administered to assess the participant's need for varied, novel, intense, and complex 5 sensations and experiences. The scale comprises 40 items that require a forced-choice 6 between two statements. Participants are instructed to indicate "which of the choices most 7 describes your likes or the way you feel", and the overall score for the 40 items represents a 8 general sensation seeking score. Internal consistency coefficients for the subscales within the 9 SS-V ranged from 0.67 -0.84 (Zuckerman, 1979 ). In the current study, Kuder Richardson 10 KR-20 coefficient was calculated as .83 for the general sensation seeking score. 11
During Exercise. The Feeling Scale (FS; Hardy & Rejeski, 1989). In-task affective 12
valence was assessed using Hardy and Rejeski's (1989) 11-point Feeling Scale which has a 13 single-item response scale ranging from +5 (very good) to -5 (very bad). The scale has 14 demonstrated satisfactory validity (Hardy & Rejeski, 1989) . 15
Procedure 16
Participants attended a single testing session during which they completed the 17 questionnaires prior to exercise. Participants were familiarised with the in-task measures and 18 then began a treadmill protocol designed to elicit maximal capacities (a continuous ramp test 19 based on the Bruce Protocol [Will & Walter, 1999] ). The protocol maintained the 3 min stage 20 markers of the Bruce Protocol (e.g., 12% gradient and 2.5mph at min 6, 14% gradient and 3.4 21 mph at min 9), but the gradient and treadmill belt velocity increased gradually every 15s 22 rather than steeply every 3 min. Participants were asked to respond to the FS 10s prior to the 23 end of each 1-min of the protocol, and were asked to exercise until volitional exhaustion. The 24 use of a facemask to collect expired gases prohibited a verbal rating, therefore participants 25 pointed to a number on the scales, which were held directly in front of them whenever 1 responses were required. After each response, a researcher repeated the participant's selection 2 aloud to ensure accuracy; the participant confirmed the number non-verbally with a nod or 3 'thumbs up' gesture. 4
Breath-by-breath data were collected throughout the exercise protocol using gas 5 analysers (Ultima, Medical Graphics [UK]; Sensor Medics 2900, Sensor Medics Corp 6
[USA]). These data were analysed independently by two members of the research team who 7 between the members of the research team (n = 2), data were referred to an independent, 14 accredited physiologist to decide upon the threshold points. 15
Data Analysis 16
A change in FS score (∆FS) during heavy exercise (i.e., zone of response variability) 17 was calculated for each participant by subtracting the FS score reported immediately prior to 18 reaching RCP from the FS score reported during the minute in which T vent was reached. Multiple Regression, DA develops an optimal weighted linear composite or function from a 7 set of continuous predictors for the purposes of prediction. However, in DA the purpose is to 8 develop one or more optimal functions (depending on the number of groups and/or predictors) 9 which optimize between groups variance and minimize within groups variance (Warner, 10
2013). 11
In the first model, personal factors including Tolerance, Preference, Extraversion, 12
Agreeableness, Conscientiousness, Neuroticism, Openness, and Sensation Seeking, were 13 identified as predictor variables. Alpha was set at .05. An arbitrary cut-off point to evaluate 14 structure and standardized coefficients was set at 0.5 (Warner, 2013) . A classification table  15 was requested to more fully examine the extent of the discrimination by the weighted linear 16 composite. All data were analysed using SPSS version 23. 
Results

23
Descriptive statistics for the predictor variables are presented in Table 2 and 24 intercorrelations of the predictors is depicted in Table 3 . Prior to beginning the inferential 25 analysis, data were screened for normality, skewness, and other basic assumptions. No major 1 deviations from skewness or normality were detected. No outliers were found in the data 2 beyond 3.29 standard deviations of the mean (Warner, 2013) . (.477) approached the cut off value, the corresponding structure coefficients were weak (.175 22 and .257, respectively). All other measured trait variables only weakly influenced the 23 predicted scores. A summary of the structure and standardized coefficients is presented in 24 Table 5 . predicting group membership such that members of the predicted Negative Responder group 8 had lower Preference scores and were more likely to be male. Only Preference and sex 9
substantially correlated with the function in Model 2 (.747 and .657, respectively). Structure 10 and standardized coefficients are presented in Table 4 . Overall, 68.8% (n = 35) of participants 11
were correctly classified by the weighted linear composite, where 67.9% (n = 19) of Negative 12
Responders and 70% (n = 14) of Neutral/Positive Responders were correctly classified. Classification results are presented in Table 5 . Table 4 and classification results for are 22 presented in Table 5 . 23
Discussion 24
The purpose of this study was to explore the influence of a range of personal 25 characteristics on affective responses to exercise in the zone of response variability (i.e., 1 exercise intensity between T vent and RCP). Participants were grouped as either Negative 2
Responders or Neutral/Positive Responders based upon the trajectory of affective valence (i.e. 3
∆FS) between T vent and RCP. Negative responders had lower scores on the PRETIE-Q 4
Preference subscale, and were more likely to be male. 5
Preference for Exercise Intensity 6
The lower PRETIE-Q Preference scores observed in Negative Responders are in line The mean % VO 2 peak recorded at T vent and RCP in the present study were 61.9±10.1% and 25 91.7±6.5% VO 2 peak, respectively. This offers additional support that the present data are of 1 relevance to exercise professionals as the intensity examined is within the ranges of moderate 2 and vigorous intensity exercise that are currently part of the PA guidelines worldwide. It is somewhat surprising that extraversion did not differ between the two affective 5 response groups given the extensive body of literature linking extraversion with positive 6 affect (e.g., Watson & Clark, 1992) . Indeed, the experience of positive emotions is considered 7 to be a facet of extraversion (Costa & McCrae, 1992) . Future investigations might benefit 8 from studying the lower-order facets of personality, which often show differential 9 relationships with performance criteria. For example, conscientiousness has been 10 characterized as having both proactive (e.g., need for achievement, self-discipline) and 11
inhibitive (e.g., cautiousness, self-control) aspects which may differentially influence health and sensation seekers seek out "intense sensations". In light of our null findings, it is possible 19 that the intensity of sensations experienced between T vent and RCP were not high enough to 20 satisfy high sensation seekers. Alternatively, the task itself may have been unappealing to 21 high sensation seekers. Sensation seeking is highly correlated with impulsivity and involves 22 pursuit of targeted rather than merely general stimulation (Arnett, 1994). Moreover, sensation 23 seekers express a greater need for autonomy (Zuckerman, 1994) which is largely absent in the 24 context of a constrained laboratory task. by an individual's interpretation of those interoceptive cues (manifest in an expression of 8 preference for exercise intensity), and it is that which predominates affective responses during 9 heavy exercise. The capacity of broad personality dimensions (extraversion, neuroticism, 10 openness, agreeableness, conscientiousness, and sensation seeking) to help researchers and 11 practitioners individualise exercise programs appears limited. 12
Sex and affective response 13
Relevant demographics (age, sex, BMI, and VO 2 peak) were added to the model with 14 the aim of enhancing the practical application of the findings. The significant contribution of 15 sex indicates that practitioners could consider this alongside preference for exercise intensity 16 when designing exercise programmes. There is scant work examining sex differences in 17 affective responses to exercise, with studies typically including one sex (e.g., Ekekkakis et al., 
